Nanodroplets of either superfluid 4 He or normal fluid 3 He are doped with Rb atoms that are bound to the surface of the droplets. The formation of RbHe exciplexes upon 5P 3=2 excitation is monitored in real time by femtosecond pump-probe techniques. We find formation times of 8.5 and 11.6 ps for Rb 4 He and Rb 3 He, respectively. A comparison to calculations based on a tunneling model introduced for these systems by Reho et al. [J. Chem. Phys. 113, 9694 (2000)] shows that the proposed mechanism cannot account for our findings. Apparently, a different relaxation dynamics of the superfluid opposed to the normal fluid surface is responsible for the observed formation times.
Nanodroplets of either superfluid 4 He or normal fluid 3 He are doped with Rb atoms that are bound to the surface of the droplets. The formation of RbHe exciplexes upon 5P 3=2 excitation is monitored in real time by femtosecond pump-probe techniques. We find formation times of 8.5 and 11.6 ps for Rb 4 He and Rb 3 He, respectively. A comparison to calculations based on a tunneling model introduced for these systems by Reho et al. [J. Chem. Phys. 113, 9694 (2000) ] shows that the proposed mechanism cannot account for our findings. Apparently, a different relaxation dynamics of the superfluid opposed to the normal fluid surface is responsible for the observed formation times. In recent years helium nanodroplet isolation (HENDI) techniques have evolved to be extraordinary tools in molecular spectroscopy [1] [2] [3] [4] . Besides high resolution spectroscopy of embedded larger molecules [2, 5] , the special interaction properties of alkali atoms on the surface of the droplets has attracted much attention [6 -9] . Alkalis are only weakly bound to the surface of the helium droplet opposed to other atoms and molecules, which, in general, submerge in liquid helium [3] . In this way, alkalis are sensitive probes for surface and finite size effects. In addition, the ultracold environment favors high-spin states in molecule and cluster formation. Their study offers new and detailed information on alkali molecules and clusters [10 -12] . Another interesting process that occurs when alkalis are excited on the surface of the helium droplets is the formation of alkali-helium exciplexes. Those are excited diatomic molecules that are not stable in the electronic ground state. Metal-helium exciplexes have been observed for the first time in bulk superfluid helium [13] . Exciplexes formed on nanodroplets have been identified from their free fluorescence emission spectra for Na [14] , K [15] , and Rb [9] because they tend to desorb from the helium surface during the formation process. Formation times have been experimentally determined, detecting the fluorescence with time-correlated photon counting techniques [16] as well as applying femtosecond pump-probe spectroscopy [17] . Speaking of helium nanodroplets normally refers to the superfluid 4 He, but one of the most fascinating features of helium is the existence of the isotope 3 He that has rather different low temperature properties: While 3 He may also be condensed to nanodroplets, these droplets are normal fluid despite their lower equilibrium temperature (150 instead of 380 mK [18] ). The comparison of experimental results on the basis of 3 He with those based on 4 He can give further insight to the effects of superfluidity in HENDI experiments [19] . Surface dynamics is, in particular, interesting because the Bose-Einstein-condensate fraction has been calculated to be greatly enhanced at the helium-vacuum interface [20] . In recent experiments and corresponding density functional calculations, it has been shown that the binding properties of sodium atoms to the surface of 3 He droplets are quite similar when compared to 4 He droplets [21] , suggesting the feasibility of analog studies on surface related effects. Finally, experiments may also lead to a better understanding of normal fluid 3 He that is the only known neutral Fermi fluid and one of the most interesting and demanding systems in condensed matter physics.
We have studied the formation of the RbHe exciplex on nanodroplets of 4 He as well as 3 He by means of femtosecond pump-probe spectroscopy. The experimental setup is similar to that reported earlier [17] , with the only difference worth mentioning being a newly designed droplet source that can reach temperatures suitable for 3 He droplet production. The beam of helium nanodroplets is formed in a supersonic expansion of high pressure gas through a 5 m orifice into vacuum. The source parameters of 19 K at 8 10 6 Pa for 4 He and 13 K at 2 10 6 Pa for 3 He lead to an average size of 5000 helium atoms in both cases. The droplets pass an alkali oven cell that is heated to a vapor pressure suitable for the pickup of one rubidium atom per droplet on average. Farther downstream, two collinearly propagating laser pulses (FWHM 100 fs) are focused onto the doped droplet beam. The delay time between the two pulses is varied by a commercial translational stage. At a center wavelength of 775 nm (12 900 cm ÿ1 ) the pump pulse electronically excites a Rb atom on the droplet surface into the 5P 3=2 state. Two additional photons from the probe pulse ionize the formed RbHe exciplex with an excess energy of about 5000 cm ÿ1 . The resulting ions are analyzed in a quadrupole mass spectrometer. Figure 1 shows the pump-probe ion signal detected on the mass of Rb 4 He. The data are fitted to an exponential While the exponential increase of the ion signal can be attributed to the formation of the exciplex, the nature of the long decay is not so obvious. We can exclude that the decay is a purely experimental artifact because pumpprobe spectra recorded, e.g., on the Rb mass, do not decrease exponentially on that time scale. However, there is an influence of delay line drifts on the long falloffs; hence, the error in the given long decrease is on the order of 50 ps. On the other hand, the formation of larger exciplexes being responsible for the decay can be excluded: We obtain 1 23 ps as the formation time of RbHe 2 , which is the only other significant contribution in the mass spectrum (RbHe:RbHe 2 :RbHe 3 1:0:074:0:002). Since the given fit function is symmetric in 1 and 2 , one can in principle assign the steep increase of the signal to the decay of the exciplex population. We do not follow this interpretation because we do not see a similar decrease of the RbHe 2 signal. Moreover, such interpretation requires that the RbHe population stays below 4% of the excited Rb atoms. This is in contradiction to the measured 20% and the observation that the multiphoton ionization of RbHe* is less resonantly enhanced compared to Rb as found by the intensity dependence of the respective ion signals.
When fitting the data of Fig. 1 one obtains a formation time of Rb 4 He of 8:5 0:4 ps. This time is significantly shorter than the 31 ps calculated by Reho et al. [16] for this system (cf. Table I) . Their model was quite successful in explaining the observed fluorescence rise times of Na 4 He and K 4 He and did also predict a suppression of Rb 4 He formation from the Rb 5P 1=2 state. The latter was confirmed by cw fluorescence measurements by Brü hl et al. [9] . In our pump-probe measurements, no Rb 4 He signal has been found as well when tuning the laser into the range of the 5P 1=2 absorption. On the other hand, for KHe exciplexes we observe rise times of 0.2 ps [17] , where Reho et al. calculated a formation time of 56 ps for K 4P 3=2 excitation [22] . Their experimental result of 50 ps [16] is consistent with their calculations, but the uncertainty in these measurements is at least on the same order of magnitude.
In order to get new insights into the influence of the superfluid properties of the surface on the interaction with alkali atoms, we put alongside results from experiments with normal fluid 3 He droplets of comparable mean size. First of all, we observed exciplexes (Na 3 He, K 3 He, Rb 3 He) formed in the same fashion as their 4 He counterparts, confirming that Na, K, and Rb occupy states on the surface of 3 He droplets. In Fig. 2 the results of the RbHe exciplex formation times are compared for both helium isotopes. The signal of Rb 3 He shows a clearly longer rise time than in the case of 4 He. Applying the same fit procedure as for 4 He yields 1 11:6 0:7 ps and 2 257 ps in this case. The underlying quantum interference 
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structure (see inset of Fig. 2 ), which we have observed before upon excitation of K atoms on helium droplets [8] , will be discussed in a forthcoming paper. The slower rise time of the Rb 3 He exciplex is not only in contrast to our heuristic expectation that the lighter 3 He should move faster than the heavier 4 He, but also to the model calculations presented in the following. We adapted the previously mentioned model from [16] for the case of 3 He. Because of its important role in the context of our interpretation, we present a brief overview of the theoretical concept: The model is based on a semiclassical tunnel effect through a barrier in a Rb-He-He N molecular potential. As depicted in Fig. 3 , the corresponding potential is a sum of the Rb-He diatomic energy (V 0 ) and a soft step function accounting for the energy that is needed to extract the He atom from the droplet. The form of the extraction potential (V ex ) follows from a simplified representation of the interaction between the He atom and the droplet adapted from a work of Eichenauer and LeRoy on SF 6 in Ar N [23] : The droplet has a sharp radius and bulk density , while the atom is an impenetrable sphere of radius a. The interaction is the known r ÿ6 attraction with C 6 7041 cm ÿ1 A 6 [24] . One obtains as the total interaction
where a is adjusted in such a way that the height 4C 6 3a 3 of the potential step gives the potential energy E pot of a He atom in the bulk. The combined potential is Vr V 0 r V ex r 0 ÿ r, with r 0 being the distance of the Rb nucleus from the droplet surface. Finally, the semiclassical tunneling probability is calculated from P expÿ
2mVr ÿ E p j. The total energy level E is assumed (from isotropy) to be 1 3 of the total kinetic energy E kin of a He atom in the droplet. In order to deduce a formation time from the tunneling probability, the model introduces a frequency of tunneling attempts that is set to the Debye frequency D of the helium. Altogether Ref. [16] predicts the previously mentioned 31 ps as exciplex formation time for the Rb 4 He-1 2 3=2 state, which corresponds to a tunneling probability P 0:032.
Our adaptation of the model for 3 He exciplexes follows exactly the previously described procedure from [16] but uses the corresponding data given in Table II . We also used the potentials of Pascale [29] modified with the spin orbit coupling method introduced by Takami and co-workers [13, 30] . Most importantly, the tunneling barrier (cf. Fig. 3 ) is much lower and also less wide in the case of 3 He, mainly due to the lower E pot . Even considering the lower kinetic energy of 3 He, the smaller barrier yields a much higher tunneling probability. The value we obtain for the Rb5P 3=2 -3 He- 3 He N system is P 0:6, which is more than 1 order of magnitude higher than in the case of 4 He (P 0:011). The deduced formation times clearly do not comply with the experimental findings (cf. Table I) .
Another important point worth mentioning here is that the tunnel model does not account for the necessary vibrational relaxation during formation. When the He atom tunnels into the RbHe potential well, it can dissociate by the same tunneling mechanism; hence, cooling is necessary to form a stable molecule. Vibrationally resolved fluorescence data indicate that the population of the vibrational levels during photon emission is higher in the lower states [15] or at least equally distributed [9] . This means vibrational relaxation occurs on the same time scale as desorption from the droplet. We calculated vibrational energies using LEVEL7.5 [31] for the Rb-3 He- 3 He N and Rb- 4 He- 4 He N potentials and find, as shown in Fig. 4 , strong anharmonic spacings between 14 and 46 cm ÿ1 . Interestingly, the vibrational structure for the two isotopomers is quite comparable. Considering the time scale of the fluorescence, the relaxation must be nonradiative and occurs before or as part of the desorption process. While we cannot give a detailed concept of the energy transfer process, it must involve collisions with surface atoms and a further dissipation by the droplet. Therefore, 
the special properties of superfluidity appears to have a significant influence on the energy transfer. In terms of thermal conductivity one would expect the superfluid to be much more efficient to dispel local heat. On the other hand, the coupling to available states of a superfluid versus a nonsuperfluid droplet is not obvious. One might argue that the transfer of energy to the 3 He Fermi system can be enhanced, because, in addition to phonons, quasiparticle hole excitations might be addressed. The difference in temperature of 3 He and 4 He droplets should not have an influence because the corresponding energy difference is much lower compared to the energies involved during relaxation. Finally, it is interesting that the product 1 D is approximately constant, suggesting that just the collision rate might be causal for different relaxation times.
In conclusion, we measured the formation of the Rb 3 He and Rb 4 He exciplexes on the surface of helium nanodroplets using femtosecond pump-probe techniques. Our results demonstrate that the exciplex formation occurs very much in the same way, although we are dealing with very different fluids: on one hand, a Bose-Einstein condensed 4 He liquid and, on the other hand, the 3 He Fermi fluid. The results indicate a significantly longer formation time in the case of 3 He compared to 4 He, which does not agree with the predictions from the tunneling model. We suggest differences in the vibrational relaxation times as a possible explanation for a faster formation of Rb 4 He exciplexes.
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